non-neurological associations of this disorder. It briefly touches on new biomarkers associated with NMOS and the clinical relevance of the same. Lastly an attempt is made to describe the NMOS-specific lesions on magnetic resonance imaging (MRI) of both spinal cord and brain.
Introduction
Neuromyelitis optica (NMO) is an autoimmune disorder of the central nervous system, which until recently was thought to be a variant of multiple sclerosis (MS). As the name suggests it targets the spinal cord and optic nerve predominantly, is most often relapsing and has a female preponderance. The discovery of a novel biomarker anti aquoporin 4 immunoglobulin G (anti AQP4-IgG) vastly improved the specificity of diagnosis. [1] A variety of conditions were discovered with anti AQP4-IgG positive state necessitating the coining of the term NMO spectrum disorders (NMOSD). [2] Recently greater efforts have been made to improve the diagnostic criteria of the disease that would allow the inclusion of ever increasing clinical manifestations of the disease. Brain MRI features suggestive of NMOS have been described and additional biomarkers are being identified, which may produce an "NMO phenotype" disorder.
This review highlights the clinical features particularly the "extra opticospinal" cord manifestations and the In nearly 70-80% of cases, anti AQP4-IgG is associated with NMOS. Aquoporin 4 is a water transport protein highly expressed at the astrocyte end feet at the blood brain barrier. It is expressed widely in all neural tissues with the highest concentration in optic nerves and spinal cord. Anti AQP4-IgG is produced mainly by plasma cells in the peripheral blood by unknown mechanisms and gains access to the central nervous system through a blood brain barrier breach. They target the aquoporin rich astrocyte foot processes and the subsequent antigen antibody interaction leads to activation of complement cascade with complement dependent cellular cytotoxicity. Granulocytes (neutrophils, eosinophils) migrate to the region by chemotaxis and there is antibody-dependent cellular cytotoxicity. When unchecked, the inflammation is severe and associated with necrosis.
Diagnostic criteria
The original criteria proposed by Wingerchuk et al., in 1996 [6] was revised in 2006 after the discovery of anti AQP4-IgG. The 2006 criteria [11] included optic neuritis (OPN), acute myelitis, and at least two out of three supportive criteria: Contiguous spinal cord MRI lesion extending over three or more vertebral segments; brain MRI not meeting MS diagnostic criteria; and seropositivity for NMO-IgG [ Table 1 ]. Seropositive patients may manifest limited forms of the disease, which includes isolated unilateral/bilateral recurrent OPN, recurrent transverse myelitis, myelitis associated with collagen vascular disorders and many more and is loosely termed as NMOSD. [2] Currently a revision of diagnostic criteria is underway. Some of the salient features include the addition of area postrema syndrome (presentation with nausea, vomiting and hiccups), other brain stem syndromes, symptomatic narcolepsy and symptomatic cerebral syndrome with MRI findings.
Clinical Features
The classical features of NMO are acute severe OPN and longitudinally extensive transverse myelitis (LETM) defined as longitudinal cord lesions extending >three vertebral segments. Most often the first attack is monosymptomatic. The concomitant appearance of both OPN and TM is seen in 15-40% of cases. It is difficult to differentiate OPN associated with NMOSD from that seen in MS. Severe visual impairment, bilateral simultaneous or sequential OPN in rapid succession is suggestive of NMOSD rather than MS. Spinal cord lesions typically present as complete transverse myelitis leading to total quadriplegia or paraplegia with a definite sensory level and bladder involvement. Occasionally seropositive patients have been noted to have spinal lesions that fall short of the prescribed three segments. The timing of MRI is very crucial.
When imaging is performed early in the disease course and also when disease is resolving, the classical tumefactive and longitudinal lesion may be missed. Spinal cord may even harbor asymptomatic lesions in patients presenting with OPN. [12] Neuropathic pain, Lhermitte's sign and painful tonic spasms [13] are common. Extension of cervical spinal cord lesions into the brainstem can cause hiccups, vomiting and occasionally respiratory failure. It is to be remembered that not all long cord lesions are NMOSD. They may be due to idiopathic transverse myelitis, acute disseminated encephalomyelitis (ADEM) or rarely infective causes.
Extra optico spinal manifestations of NMOSD
The clinical manifestations of NMOSD may involve sites outside the spinal cord and optic nerve. They may be the presenting and sometimes the only features of the disease. Brain stem involvement in the form of intractable vomiting [14] (area postrima syndrome), intractable hiccups due to peri-aquiductal lesions in the midbrain [15] and narcolepsy, [16] hypothermia and hypersomnolence due to diencephalic involvement [17] are typical examples. In a large series of 258 patients reported by Kremer et al., [18] brainstem involvement was seen in one-third of the patients. In 54.3% patients, it was the initial manifestation. Vomiting and hiccups were more common followed by occulomotor dysfunction, pruritis, deafness, facial palsy, vertigo, trigeminal neuralgia and other cranial nerve signs. Brainstem involvement is more common in anti AQP4-IgG-positive patients and particularly among non-Caucasians.
Other symptoms/syndromes that have been reported include seizures, hyposmia, [19] posterior reversible encephalopathy s y n d r o m e ( P R E S ) , [ 2 0 ] m e n i n g o e n c e p h a l i t i s , [ 2 1 ] myeloradiculopathy, [22] cognitive dysfunction, and ophthalmoplegia. Skeletal and smooth muscle involvement in the form of muscle edema and myocarditis respectively have been noted. [23] HyperCKemia has been detected during attacks. [24] The growing number of clinical manifestations most often backed by neuroimaging and pathological studies suggests that these extra optico spinal manifestations may be explained by the distribution and expression of AQP4. [25] 
Non-neurological manifestations of NMO
Recently placentitis with risk of abortion, [26] internal otitis [27] and gastritis [28] have been described with seropositive NMOSD. These findings suggest that anti AQP4-IgG antibodies may target extra neural tissues that express aquoporin 4. Nearly 30-40% of patients with NMOSD have coexisting autoimmune disorders such as Sjögren's syndrome, systemic lupus erythematosus, autoimmune thyroid disease, myasthenia gravis, autoimmune-mediated vitamin B 12 deficiency, autoimmune encephalitis and several more.
The clinical course of the disease and particularly mortality has changed remarkably in recent years. Mortality rates have improved from 30% at 5 years [6] to 9% at 6 years. [29] It is likely that greater awareness of the disease, access to anti AQP4-IgG testing and use of long-term immunosuppressants have all contributed to improved outcome. 
Investigations Biomarkers in NMOSD
In 2004 an antibody specific to NMO was discovered, initially called as NMO immunoglobulin (NMO-IgG), which later became known as anti-aquaporin 4 antibody. [1] Various assays have shown high specificity (91-100%) and varying sensitivity (83-91%) with cell-based assays being the most optimal. [30] Immunosuppressive therapy dramatically reduces serum levels of anti AQP4-IgG and hence testing has to be done prior to therapy. Retesting may be necessary and preferably at the onset of a relapse in such situations. Anti AQP4-IgG levels are stable at room temperature for up to 8 days. Levels may not be significantly affected by repeat freeze/thaw cycles in the lab. Therefore shipment at room temperature is justified when no other options are available. The exception may be in borderline or hemolytic samples where storage conditions matter. [31] Overall anti AQP4-IgG positive patients have a relapsing disease, are overwhelmingly female, have a strong association with other connective tissue disorders and have more severe clinical attacks. An important proportion of cases are seronegative. [32] Seronegative patients have more often a monophasic course and affect males equally as females. Recent studies showed that anti AQP4-IgG negative disorders may be positive for anti-myelin associated oligoglycoprotein (anti-MOG). [33] Anti MOG associated NMOS may be seen equally in women and men, and have a monophasic course. [34] OPN and particularly simultaneous and recurrent OPN may be more common. Myelitis involving the caudal portions of the cord is more likely. Coexisting systemic autoimmunity is less common than AQP4 antibody associated NMOS. Most importantly these patients may have a more benign course. Other auto antibodies such as anti-CV2/CRMP5 and NMDA receptor antibody have been shown to mimic NMOSD in isolated cases.
Paraclinical tests
Cerebrospinal fluid (CSF) evaluation may show a variable degree of pleocytosis and raised proteins. Oligoclonal bands (restricted to the CSF) may be evident in approximately 20% of anti AQP4-IgG seropositive patients. It is not unusual to find eosinophils and neutrophils in the CSF.
Optical coherence tomography (OCT)
It is a non-invasive method of evaluating the unmyelinated retinal axons otherwise called retinal nerve fiber layer (RNFL) and their neurons (retinal ganglion cells). In NMOSD, OCT studies have consistently showed severe RNFL thinning associated with poor visual outcome. The role of OCT in differentiating NMOSD from MS and other inflammatory diseases, its role in monitoring disease progress and therapy is currently being investigated.
MRI in NMO

MRI of the spine
Spinal cord MRI is crucial for the diagnosis of NMOSD especially since brain lesions indistinguishable from MS are seen in up to 27% of patients. [35] The hallmark lesion is the long cord lesions extending more than three vertebral segments. It is edematous in the acute phase, most often centrally placed and involves the thoracic and cervical cord commonly [ Figure 1] . In contrast, spinal cord lesions in MS are short, situated posteriorly and most often in the cervical cord. NMOSD lesions show patchy enhancement in 33-71% of cases and during an acute relapse. [36] It is to be noted that failure to enhance sometimes prevents the distinguishing of a recent attack from a pseudo relapse. After steroid therapy lesions tend to fragment into shorter segments, chronic lesions may show cavitation and cord atrophy.
MRI of the Brain
Brain lesions are present in more than half of the patients at onset and increases during disease course. [37, 38] It is increasingly clear that in many instances the MRI of the brain shows lesions in NMOSD that are indistinguishable from MS. Absence of Dawson's finger, "U" fiber lesions, paucity of lateral ventricle and inferior temporal lobe lesions are strongly suggestive of NMOSD. [35] In doubtful situations the cord lesions should be carefully scrutinized to obtain additional supportive evidence. The so-called NMO-specific lesions are seen at sites of high AQP4 expression, such as the diencephalon, the hypothalamus and the aqueduct and are present in <10% of NMOS. [39] Conversely patients presenting with typical NMOSD symptoms such as intractable vomiting and hiccups need not show corresponding lesions on conventional MRI sequences. NMOSD lesions are frequent in the corpus callosum. Infratentorial lesions commonly involve the medulla where they may be contiguous with cervical cord lesions. Lesions may be seen in the pons, cerebellar peduncles and midbrain. Tumefactive brain lesions, peri-ependymal lesions involving third, fourth and lateral ventricles and involvement of corticospinal tracts [ Figure 2 ] have been described. [40] Brain lesions in NMOSD may show variable enhancement.
MRI of the orbit
It is important to include optic nerve imaging as part of the MRI protocol for investigation of a suspected case of CNS demyelinating disorder. Optic nerve lesions are frequently extensive, bilateral, involving intracranial portions of the nerve and frequently the optic chiasm. [41] 
Conclusions
Our understanding of the NMOSD is incomplete and we are only beginning to comprehend the diverse clinical manifestations of the disease. Literature worldwide supports the view that anti AQP4-IgG associated disorders are severely disabling without early treatment interventions. With the rapid expansion of the spectrum of anti AQP4-IgG associated disorders, the real challenge that faces the clinician is the recognition of this condition in settings unaccompanied by OPN and/or myelitis. Disability in NMOSD is attack-related unlike in MS. Therefore, early diagnosis offers a window of opportunity for treatment and induction of remission. 
